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© Composite materials. 



© Composite cellulosic materials having improved strength and water resistance properties are produced from 
substrates which have been treated with a solution of a polyfunctions isocyanate. Process is preferably 
employed in the production of chipboard and fibreboard. The preferred reagents are solution of di-isocyanates 
such as diphenyimethane di-isocyanate in an aprotic solvent such as acetone. 
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Comp site Materials 



This invention relates to novel composite materials comprising cellulosic raw materials and to processes 
for their production. 

The composite materials with which this invention is concerned are primarily those which comprise 
bonded wooden pieces as a substrate such as wood particles or wood veneers but may also comprise any 
s cellulosic material which can be formed into a composite material such as wood fibres, paper and straw. 
The pieces of the cellulosic substrate have been bonded using a variety of adhesives, e.g. urea- 
formaJdehyde resins or phenol formaldehyde resins which resins are commonly used in the production of 
chipboard. The composite materials which are produced using these resins are not water resistant and 
deteriorate upon prolonged contact with or immersion in water. There have also been proposals to formulate 

io composite materials using a polyisocyanate binder as an adhesive, e.g. those described in European patent 
139530 in which the polyisocyanate or an aqueous emulsion thereof is contacted with wood chips and wood 
flakes in the presence of water. These composites also exhibit poor water resistant properties. We have 
now discovered that composite materials having improved strength and water resistant properties can be 
produced by treating a cellulosic substrate with a solution of polyfunctional isocyanate in an aprotic swelling 

75 solvent and subsequently forming a composite material incorporating said treated substrate. 

Accordingly, from one aspect our invention provides a process for the production of a composite 
material which comprises the steps of treating a cellulosic substrate with a solution of a polyfunctional 
isocyanate in an aprotic swelling solvent and forming a composite material incorporating the substrate. 
The process of the invention is applicable to a wide variety of cellulosic substrates and the invention 

20 provides a corresponding variety of novel composite materials. The substrate may take the form of wood 
chips, wood particles, wood flakes, wood fibres, wood flour, ground wood, wood veneers and wood 
laminates, paper, card, straw, refined cellulose such as cotton or viscose and plant fibres such as bamboo 
or palm fibre. The composite materials produced are preferably formed by the coherence of treated 
substrate particles but may also be formed by the adherence of a treated substrate to an untreated 

25 substrate which itself is preferably a cellulosic material but which may be non-cellulosic. Preferred 
composite materials which may be produced by the processes of this invention include any of the so-called 
particleboards, such as chipboard, fibreboard, fiakeboard and oriented flakeboard, laminated and veneered 
boards of all kinds including hardboard and plywood and those wherein wooden laminates or veneers are 
applied to the surfaces of any of the aforementioned types of composite board; strawboard, paperboard and 

30 cardboard; and composites whenever formed by the adhesion of layers of substrate, preferably those 
wherein both of these substrates are cellulosic substrates but including those wherein only one of the 
substrates is cellulosic. 

The polyfunctional isocyanates which may be useful in the processes of the invention may be any 
aliphatic, alicyciic or aromatic isocyanate which comprises at least one other functional substituent such as 

35 a further isocyanate group, an epoxide group, an ethylenic group or other unsaturated group. In the 
preferred embodiment wherein the composite material is formed from cellulosic substrates this further 
functional group will be one which is capable of reaction with cellulose. Examples of suitable groups of 
functional compounds are isocyanates, epoxides and acid anhydrides. The preferred polyfunctional com- 
pounds for use in this invention are the di and poly isocyanates. Examples of useful compounds include 

40 toluene 2,4 diisocyanate, toluene 2,6 diisocyanate, diphenyl methane diisocyanate, m- and p- phenylene 
diisocyanates, m-* and p- diphenylene diisocyanates, polymethylene polyphenyl isocyanates, naphthalene 
1,5 diisocyanate, chlorophenylene^ diisocyanate, a a xylene diisocyanate, triphenylmethane triisocyanate, 
hexamethylene diisocyanate, 3,3'-ditolylene-4 ( 4-diisocyanate, butylene 1,4 diisocyanate, octylene 1,8 
diisocyanate and 1,4, 1,3 and 1,2 cyclohexylene diisocyanate. Polyisocyanates which are isocyanate- ended 

46 prepolymers made by reacting an excess of a polyisocyanate with a polyol may also be employed, for 
example those made by reacting an excess of an isocyanate with polyethylene giycol, polypropylene glycol 
and Methylene glycol as well as glycols or polyglycols which have been partially esterified with carboxyllc 
acids including polyester polyols and polyether polyols. The preferred diisocyanates for present use are 
hexamethylene diisocyanate, toluene diisocyanate and diphenyl methane diisocyanate. 

so The isocyanates useful in the process of this invention are used to treat the cellulose in the form of their 
solutions in an aprotic swelling solvent The ability of various solvents especially polar solvents to swell the 
volume of a given block of wood immersed therein to a significant percentage of that produced by 
immersion in water is well known. The preferred solvents for use in the processes of this invention are those 
which produce an increase in external volume of at least 25% preferably at least 50% of that produced by 
water when a wood block is immersed therein. Examples of these preferred solvents include pyridine, 
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acetone or 2-methyl-2-pyrW!rainone. The concentration of isocyanate irffle treatment solution may vary 
through a wide range say from 10 to 500 gms/liter, preferably 20 to 200 gms/litre but for convenience will 
normally be within the range 30 to 120 gms/litre. Generally this corresponds to a molar concentration of 
from 0.5 to 5.0 moles/fitre. The solution may be diluted with an inert diluent such as toluene or hexane if 
desired. Dilution of up to 90% may be utilised. 

The presence of a small amount of moisture or other protic solvents during the treatment process may 
be tolerated. Generally quantities of up to 3% by weight of the weight of the substrate exhibit no significant 
effect and, up to 5% or even 8% may be tolerated although this may result in some deterioration in the 
properties of the composite material. 

The treatment may conveniently be carried out by immersing the substrate in the treatment solution. It 
Is possible to add the polyfunctional isocyanate in separate aliquots but this is generally less preferred. The 
treatment may be effected at temperatures in the range 25 to 150* C preferably 50 to 100 " C. The duration 
of treatment may be as short as two minutes or less or as long as 120 minutes or longer, even up to 200 
hours or more. The optimum reaction time varies with the temperature and the nature of the polyfunctional 
isocyanate and the nature of the substrate. The treatment process should preferably be continued until the 
substrate exhibits a weight percentage gain of from 5 to 25 preferably 8 to 15% (after removal of excess 
isocyanate solution). 

The process may be carried out in the presence of a catalyst for the reaction between the isocyanate 
and the ceilulosic substrate such as an aprotic base, e.g. pyridine, diazobicyclo [2,2,2,] octane or an 
organotin compound, e.g. dibutyl tin diacetate. Basic aprotic solvents function both as solvent and as a 
catalyst. They can be used in combination with a catalyst where a particularly rapid rate of reaction is 
desirable. 

The progress of the treatment process can be monitored by measuring the fibre direction tensile 
strength of the substrate (where appropriate) and the treatment terminated if this beings to reduce. It is a 
preferred feature of the invention that some degree of functionality of the polyfunctional isocyanate is 
preserved. This can be monitored by infra-red spectroscopy. Treated products having too low a degree of 
functionality may give rise to less satisfactory composite materials. In this circumstance it may be 
necessary to determine the optimum conditions for the treatment process by varying e.g. the conditions 
under which treatment is effected and the nature of the polyfunctional isocyanate. 

In the case of a poiyisocyanate it may be preferable to employ a compound in which the isocyanate 
groups are not equally reactive. An example of such a compound is 2-(4-phenyiisocyanate) ethyl 
isocyanate. In general isocyanate groups which are appendant on an aromatic ring are more reactive than 
those appendant on an aliphatic group. 

The treatment may be carried out simultaneously with the formation of the composite material or as a 
preliminary to it or by a combination of the two. Where the treatment is a preliminary step it is preferred to 
drain off the excess treatment solution and then proceed to the formation of the composite material. Where 
the treatment step overlaps with the composite formation process the excess treatment solution may be 
expelled from the composite forming procedure and collected. 

The formation of the composite material will otherwise be carried out according to the various 
techniques known in the art. Generally these will involve compression of the substrate and its subjection to 
an elevated temperature. 

The pressure employed in the compression step and the period for which that pressure is maintained 
will be at least that required to form a coherent composite material and will in general correspond to those 
conditions known. to be required to form any particular composite material from a particular substrate. 
However, the time for which the pressure, is maintained and the temperature at which the compression is 
effected should be sufficient to ensure that the treated substrate particles bond together to form a strong 
composite material. The times and temperatures which, are used may vary through a wide range but in 
general temperatures of up to 200* C and times of up to 16 hours may be employed. The use of 
temperatures of greater than 180* C may lead to the degradation of the wood by pyrolysis and are thereby 
best avoided. The use of higher temperatures may facilitate the use of shorter times but whatever 
temperatures are employed the time must be sufficient to enable the substrate to bond together to form a 
strong uniform composite material. 

In the production of chipboard by the compression of a mass of wood chips, we have found that the 
temperature of the presses may usefully be In the range 125* to 175* C, more usually 140* to 160* C, 
whilst the time required to produce a useful board product may be five minutes or even less, say 2 minutes, 
although this varies in particular with the nature of the reagent and longer press times, e.g. of 30 minutes or 
more may be preferable. 

The properties of the composite materials, particularly their water absorption characteristics, may be 
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improved if higher temperatures are used in their formation. 

Alternatively, it may be advantageous to condition the boards at elevated temperature, e.g. a tempera- 
ture in the range 50 to 150"c. Generally where higher temperatures are used in the formation of the 
composite material, only a small additional improvement will be obtained in such a conditioning step. 
Processes which comprise such a conditioning step are potentially valuable as a technique for improving 
the properties of the composite and thus formed a preferred aspect of this invention. 

The composite materials produced by the processes of this invention exhibit superior resistance to 
water than conventional composites. Composite materials produced by the compression of wood chips 
(chipboard) and wood flakes (flakeboard) possessing a swellability upon immersion in water of less than 
10% are believed to be novel and form a further aspect of this invention. In particular such composites 
which combine this water resistance with an Internal Bond Strength (IBS) of at least 0.3MPa (chipboard), 
and 0.8 MPa (fibreboard) form a preferred aspect of the invention. 

The invention finds particular application in the manufacture of particle boards especially chipboard, 
fibreboard and flakeboard. 

The invention is illustrated by the following examples:- 



Exampie 1 

A series of chipboards were prepared by immersing samples comprising 40gms of pine wood chips in 
a 0.5 molar solution of hexamethylene diisocyanate in pyridine at 100* C for a predetermined period (the 
reaction time). The solution was drained from the chips which were transferred to a press and pressed for a 
predetermined period to produce boards of 10mm thickness. The Internal Bond Strength (IBS) Modulus of 
Elasticity (MOE) and Modulus of Rupture (MOR) were determined using the procedures described in British 
Standard 5639 (modified to suit the size of board produced by the laboratory sized press [170 mm by 170 
mm]). 

The results are presented as Table I. 



Table I 



Reaction 


Press 


Density 


IBS 


Swell 


MOE 


MOR 


(Hr) 


(Hr) 


(g cm -3 ) 


(MPa) 


(%) 


(MPa) 


(MPa) 


0.5 


16 


0.48 


0.129 


10.0 


163 


4.66 


1.0 


16 


0.49 




9.9 


243 


12.15 


2 


16 


0.48 




10.9 


937 


18.27 


2 


16 


0.52 


0.564 


10.7 


516 


13.17 


24 


16 


0.50 


0.597 


10.0 


290 


4.66 


62 


16 


0.52 


0.309 


10.0 


240 


3.35 


168 


64 


0.52 




10.0 


227 


6.55 


Conventional Board 












UF Resin 


0.52 


0.371 


16.63 


624 


16,46 



Example 2 

Oven dry wood chips were immersed in a 0.5M solution of toluene diisocyanate in pyridine at room 
temperature for 15 minutes. The excess solution was drained and the chips pressed at 100* C for the times 
indicated to produce boards of 10mm thickness. The properties of the board were as follows:- 
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Press 


Density 


IBS 


Swell 


MOE 


MOR 


(Hr) 


(g cm -3 ) 


(MPa) 


(%) 


(MPa) 


(MPa) 


16 


0.50 


1.280 


8.1 


644 


18.82 



A second batch of chips was treated with the solution for 48 hours at 1 00 C and a board formed and 
tested in an identical manner. The results were:- 



10 



Press 


Density 


IBS 


Swell 


MOE 


MOR 


(Hr) 


(g cm -3 ) 


(MPa) 


(%) 


(MPa) 


(MPa) 


16 


0.44 




9.8 







15 



Example 3 

20 Oven dry wood chips were immersed in a 0.5M solution of hexamethyfene diisocyanate in acetone 
which comprised 0.25M of dibutyl tin diacetate catalyst at a temperature of 50 * C for a peiod of 2 hours. 
The excess solution was drained and the chips pressed into a series of boards at a temperature of 100*C 
using the press times shown in Table II to produce boards of 10mm thickness. 



25 



Table 



30 



35 



Press 


Density 


IBS 


Swell 


MOE 


MOR 


(Hr) 


(g cm-*) 


(MPa) 


(%) 


(MPa) 


(MPa) 


2 


0.55 


0.595 


10.7 


612 


13.69 


2 


0.55 




10.5 






16 


0.47 


0.807 


9.4 


419 


11.97 


16 


0.54 


0.348 


10.1 


196 


6.2 


96 


0.55 











Example 4 
40 " 

Oven dry wood chips were immersed in a 0.5M solution of hexamethylene diisocyananate in acetone 
which comprised 0.1 2M of diazobicyclo [2,2 t 2,] octane for the reaction times shown in Table III. The excess 
solution was drained and the chips pressed for the times shown in Table III to produce boards of 10mm 
thickness. 

45 

Table III 



Reaction 


Press 


Density 


IBS 


Swell 


MOE 


MOR 


(Hr) 


(Hr) 


(g cm" 3 ) 


(MPa) 


(%) 


(MPa) 


(MPa) 


2 


16 


0.44 


0.704 


11.3 


807 


12.35 


5 


16 


0.46 


0.148 


9.0 


537 


12.40 
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Example 5 
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Oven dry wood chips were immersed in a 0.5M solution of methylene diphenyiisocyanate in acetone 
which comprised 0.25M of dibutyi tin diacetate catalyst. The solution was drained and the chips pressed at 
1 00 * C for 16 hours to give a board of 1 0mm thickness having the following properties:- 



Press 


Density 


IBS 


Swell 


MOE 


MOR 


(Hr) 


(9 cm-*) 


(MPa) 


(%) 


(MPa) 


(MPa) 


16 


0.65 


1.510 


12.0 


734 


13.40 



Example 6 

Oven dry wood chips were immersed in a 0.3M solution of hexamethylene diisocyanate in acetone 
which comprised either 0.1 M dibutyi tin diacetate catalyst (Table IV) or 0.06M diazobicyclo [2,2,2,] octane 
catalyst (Table V) for 2 hours at 50 *C. The excess solution was drained and the chips pressed for 5 
minutes at room temperature to give a board of 12mm thickness. The temperature of the press platens was 
increased to 150* C over a period of 15 minutes and maintained for the time shown in the following Tables: 

Table IV 



Hot 


Density 


IBS 


Swell 1 


Recovery 


Swell 2 


Press 












(mins) 


(g cm -3 ) 


(N 


(%) 


(%) 


(%) 






mm" 2 ) 








20 


0.41 


0.104 


9.2 


66 


7.9 


20 


0.43 


0.219 


9.2 


82 


9.0 


20 


0.45 


0.392 


10.2 


59 


7.3 


Table V 


Hot 


Density 


IBS 


Swell 1 


Recovery 


Swell 2 


Press 












(mlns) 


(g cm" 3 ) 


(N 


(%) 


(%) 


(%) 






mm" 2 ) 








40 


0.38 


0.272 


6.2 


100 


51 


40 


0.42 


1.085 


7.2 


100 


59 


40 


0.41 


0.443 


8.3 


70 


80 



Example 7 

Oven dry wood chips were immersed in a 0.3M solution of hexamethylene diisocyanate in the presence 
of 25gm of dibutyltin diacetate or 5gm of diazobicyclooctane for 2 hours at 50 * C. The excess solution was 
drained off. Wood veneers were soaked in the solution at room temperature for 5 minutes then placed top 
and bottom of the chip mattress prior to pressing. The whole was pressed for 16 hours at 100* C. 

The resulting board had an MOE of 905MPa and an MOR of 25.67MPa. The veneer did not separate 
from the board in these tests. 



Example 8 
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The procedure of ExI^Dle 7 was repeated except that the vei^l^were treated with methylene 
diphenyl isocyanate as well as being presoaked. The resulting board had an IBS of 0.81 3MPa, and MOE of 
540MPa and an MOR of 25.56MPa. 



Example 9 

Boards were made using 80g of oven-dry softwood chips treated with 42g of diphenylmethane 
diisocyanate (MDI) and 12.5ml of dibutyitin diacetate (DBT) as catalyst in 1 litre of dry acetone for two 
hours at a room temperature of 50* C. The board matresses were made in a 13cm die and pressed to a 
thickness of 12mm at a temperature of 180 ' C for 5 minutes. 

Each board was weighed immediately after pressing to determine the weight percent gain (wpg) 
achieved. 

Boards were conditioned at 20* C and 65% relative humidity then measured for density and tested for 
MOR, MOE and IBS. MOR and MOE were re-tested after a 24 hour cold water soak. Swelling and weight 
gain were measured after 24 hour cold water soak and after a 2 hour soak in boiling water followed by a 1 
hour soak in cold water. IBS, residual swelling and weight loss were measured after drying and re- 
conditioning. 



Results 


Press 






initial 


Retalnec 


I 


temp 


wpg 


density 


MOR 


MOE 


IBS 


MOR 


MOE 


IBS 


°C 












% 


% 


% 


150 


28 


.714 


35.2 


941 


1.87 


60 


26 


90 


160 


25 


.697 


32.8 


769 


1.90 


78 


33 


80 


170 


28 


.733 


30.1 


810 


1.65 


56 


37 


101 


180 


27 


.722 


35.3 


922 


1.91 


76 


63 


117 


190 


. 25 


.693 


34.5 


869 


2.06 


63 


55 


88 


200 


21 


.668 


32.5 


815 


(.45) 


56 


45 


(265) 


cold soak 


boiled 


residual 








swell 


wt 


swell 


wt 


swell 


wt 








% 


% 


% 


% 


% 


% 








77 


11.1 


18.3 


84 


7.7 


-1.10 








6.2 


8.9 


17.6 


86 


6.5 


-0.90 








8.4 


9.3 


20.0 


79 


10.0 


-0.87 








6.8 


8.8 


18.4 


78 


8.1 


-0.67 








7.3 


10.8 


18.9 


84 


9.1 


-0.36 








8.3 


11.7 


19.2 


95 


9.1 


-0.23 









Example 10 

Boards were made using softwood chips and either diphenylmethane diisocyante (MDI) or 
diisocyanatohexane (HDl) with a dibutyitin diacetate (DBT) catalyst. Each board was made with 80g of oven- 
dry wood chips which were treated with the reagent system in 1 litre of dry acetone for two hours at a 
temperature of 50* C. The board mattresses were made in a 13cm x 13cm former and pressed between 
pre-heated plates at 1 50 * C without any sideways restraint. 

Boards were conditioned at 20 *C and 65% relative humidity then measured for density and tested for 
MOR. MOE and IBS. MOR and MOE were re-tested after a 24 hour cold water soak. Swelling and weight 
gain were measured after 2 hour cold water soak and after a 2 hour soak in boiling water followed by a 1 
hour soak in cold water. IBS, residual swelling and weight loss were measured after drying and re- 
conditioning. 
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1. Effect of press time on MDI boards. 

Boards were made with 83.3g MDI and 25ml DBT. 



5 



TO 



15 



Press 




Initial 


Retained 


time 


density 


MOR 


MOE 


IBS 


MOR 


MOE 


IBS 


min 










% 


% 


% 


20 


.594 


21.7 


892 


2.16 


60 


39 


90 


10 


.556 


23.0 


1290 


1.62 


52 


29 


86 


5 


.594 


15.2 


552 


1.05 


52 


38 


129 


2.5 


.610 


20.0 




1.79 


60 




73 


cold soak 


boiled 


residual 






swell 


wt 


swell 


wt 


swell 


wt 






% 


% 


% 


% 


% 


% 






4.7 


10.7 


8.6 


90 










5.6 


13.6 


9.1 


90 










4.2 


8.9 


8.0 


74 










5.5 


9.3 


9.8 


69 











25 

2. Effect of press time on HDI boards. 

Boards were made with -54m! HDI and 25ml DBT. 



35 



40 



45 



Press 




Initial 


Retained 


time 


density 


MOR 


MOE 


IBS 


MOR 


MOE 


IBS 


min 










% 


% 


% 


40 


.530 


10.5 


468 


.88 


32 


27 




30 


.518 


7.0 


317 


.24 


103 


50 


97 


20 


.534 


10.0 


461 


>.1 


42 


25 




cold soak 


boiled 


residual 






swell 


wt 


swell 


wt 


swell 


Wt 






% 


% 


% 


% 


% 


% 






7.4 


12.9 


13.5 


134 


5.6 


-1.1 






' 7.6 


13.9 


15.4 


140 


5.4 


-4.9 






7.7 


12.3 


18.9 


137 


6.9 


-5.1 







so 3. Effect of reagent concentration on MDI boards. 

Boards were made with the concentration of MDI and DBT reduced. The boards were pressed for 5-10 
minutes. 

55 
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TO 



75 



Strength 




Initial 


Retained 


s In. 


density 


MOR 


MOE 


IBS 


MOR 


MOE 


IBS 


% 










% 


% 


% 


100 


.556 


23.0 


1290 


1.618 


52 


29 


86 


50 


.643 


33.3 


1112 


1.87 


47 


52 


99 


25 


.653 


MA 


476 


.90 


64 


41 


— 


cold soak 


boiled 


residual 






swell 


wt 


swell 


wt 


swell 


wt 






% 


% 


% 


% 


% 


% 






5.6 


13.6 


9.1 


90 










3.0 


6.8 


7.4 


68 










8.7 


72. 


15.4 


157 


8.8 


-7.5 







20 



25 



30 



35 



4. Effect of reagent concentration on HDI boards. 

Boards were made with the concentration of HDI and DBT reduced. The boards were pressed for 30 
minutes. 



Strength 




Initial 


Retained 


soln. 


density 


MOR 


MOE 


IBS 


MOR 


MOE 


IBS 


% 










% 


% 


% 


100 


.518' 


7.0 


317 


.235 


103 


50 


97 


50 


.481 


11.2 


609 


.459 


35 


16 


25 


cold soak 


boiled 


residual 






swell 


wt 


swell 


wt 


swell 


wt 






% 


% 


% 


% 


% 


% 






7.6 


13.9 


15.4 


140 


5.4 


-4.9 






14.2 


26.4 


26.2 


175 


15.4 


-1.2 







40 



Claims 

45 1. A process for the production of a composite material which comprises the steps of treating a 
cellulosic substrate with a solution of polyfunctional isocyanate in an aprotic swelling solvent and forming a 
composite material incorporating the substrate. 

2. A process according to Claim 1 wherein the solution comprises from 0.1 to 5.0 moles/litre of 
polyfunctional isocyanate. 

so 3. A process according to either of Claims 1 or 2 wherein the polyfunctional isocyanate is a 
poly isocyanate. 

4. A process according to Claim 3 wherein the polyfunctional isocyanate is a di-isocyanate. 

5. A process according to Claim 4 wherein the di-isocyanate is selected from the group comprising 
hexamethylene diisocyanate, 2,4 toluene diisocyanate, 2,6 toluene diisocyanate and diphenyi methane 

55 diisocyanate. 

6. A process according to any of the preceding claims wherein the treatment is effected by immersing 
the substrate in the solution for a period of from 0.02 to 200 hours. 
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7. A process according to any of the preceding claims wherein the solvent is selected from the group 
comprising pyridine, acetone and 2-methyl-2-pyrolidinone. 

8. A process according to any of the preceding claims characterised in that the treatment is carried out 
at a temperature of from 25* to 150* C. 

9. A process according to any of the preceding claims characterised In that the treated substrate is 
formed into a composite material by compression. 

10. A process according to Claim 9 characterised in that the compression is carried out at a 
temperature of less than 200* C. 

11. A process according to Claim 10 characterised in that the compression is carried out at a 
temperature of from 125* to 175* C. 

12. A process according to any of Claims 9 to 11 characterised in that the compression is applied for a 
period of from 2 to 30 minutes. 

13. A chipboard possessing a sweilability upon immersion in water of less than 10%. 

14. A chipboard according to Claim 13 which has an IBS of at least 0.3MPa. 

15. A flakeboard possessing a sweilability upon immersion in water of less than 10%. 

16. An oriented flakeboard possessing a sweilability upon immersion in water of less than 10%. 

17. A fibreboard possessing a sweilability upon immersion in water of less than 10%. 

18. A fibreboard according to Claim 17 which has an IBS of at least 0.8 MPa. 
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© Composite materials. 

© Composite cellulosic materials having improved 
strength and water resistance properties are pro- 
duced from substrates which have been treated with 
a solution of a polyfunctional isocyanate. Process is 
preferably employed in the production of chipboard 
and fibreboard. The preferred reagents are solution 
of di-isocyanates such as diphenylmethane di- 
isocyanate in an aprotic solvent such as acetone. 
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